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METHOD AND APPARATUS FOR 
MEASURING ACCELERATION 

FIELD OF THE INVENTION 

The present invention relates to a method and apparatus 
for measuring acceleration of a moving object. 

BACKGROUND OF THE INVENTION 

Acceleration (rate of change of velocity) is generally 
measured indirectly, by measuring the force exerted by, or 
restraints that are placed on, a reference mass to hold its 
position ?xed in an accelerating body. Acceleration is com 
puted using the relationship betWeen restraint force and 
acceleration given by NeWton’s Second LaW of Motion: the 
force is equal to the product of the mass and acceleration. 
Therefore, the precision by Which acceleration can be deter 
mined is directly related to the precision by Which force and 
mass can be measured. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a novel 
method and apparatus for measuring acceleration, Which 
method and apparatus are capable of very high precision and 
Which are not subject to the above limitations. 

According to one aspect of the present invention, there is 
provided a method of measuring acceleration of a moving 
object, comprising: 

(a) applying to the moving object, so as to be carried 
thereby and to move thereWith, a body capable of 
transmitting pulses of energy; 

(b) transmitting a pulse of said energy in a forWard 
direction, from a ?rst location on the body in a second 
location on the body at a knoWn distance from the ?rst 

location; 
(c) detecting the transmitted pulse at the second location; 
(d) measuring transit time of the pulse from the ?rst 

location to the second location; and 
(e) utiliZing the measured transit time, together With the 
knoWn distance betWeen the ?rst and second locations, 
for determining acceleration of the body and thereby of 
the moving object. 

It Will thus be seen that the novel method is not based on 
the conventional approach for measuring acceleration by 
measuring a force, but rather is based on measuring the 
transit time of an energy pulse. The basic mechanism of 
operation can be considered to be analogous to tWo persons 
at opposite ends of a moving train car spaced by a distance 
S throWing a ball betWeen them. As long as there is no 
acceleration, i.e. the car is moving at constant velocity, the 
transit time T of the ball from one end to the opposite end 
Will be constant. HoWever, When the velocity changes, i.e. 
the train accelerates or decelerates, a receiver of the ball Will 
appear to be farther (upon acceleration) or closer (upon 
deceleration) from a throWer of the ball by “virtual distance 
change” 6s, Which varies in magnitude and sign according to 
the acceleration. Thus, When the acceleration is positive in 
the direction in Which the ball is throWn, the transit time T 
Will be increased by 6t corresponding to the “virtual distance 
change” 6s, and, When it is negative, it Will be decreased by 
6t. 

While the above method theoretically may be imple 
mented by the use of electromagnetic pulses, it is particu 
larly applicable When using the loWer-velocity sonic pulses, 
and is therefore described beloW With respect to sonic 
pulses. In the above analogy, therefore, the ball corresponds 
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2 
to the sonic pulse. Although the transmission of a sonic pulse 
through a medium does not involve movement of mass 
particles through the medium in the same manner as in the 
ball analogy, it does involve movement of the energy of 
mass particles through the medium. Thus, as shoWn by the 
classical demonstration of NeWton’s Third LaW of Motion 
(“to every action there is alWays an equal and opposite 
reaction”) utiliZing a line of suspended spherical balls in 
contact With each other, holding the ?rst ball at one end of 
the line aWay from the next ball in the line, and releasing it 
to impact the next ball in the line, Will produce an equal 
movement of the last ball at the opposite end of the line. The 
transmission of this energy from the ?rst ball to the last ball 
is by a compressional, longitudinal (i.e. sonic) pulse. When 
the pulse is of electromagnetic energy, there is an analogous 
transmission of the energy through the body, although of 
course at a much higher velocity than the transmission of a 
sonic pulse. 
As in the ball analogy, therefore, When a body is subjected 

to acceleration, a pulse transmitted through such a body Will 
experience a transit time tB When not subjected to 
acceleration, an increased transit time tB+6t corresponding 
to the “virtual distance change” (VDC) factor 6s When 
subjected to acceleration, and a decreased transit time tB—6t 
decreased by the VDC factor When subjected to decelera 
tion. 

It Will thus be seen that this method for measuring 
acceleration is effected by measuring time, namely the 
transit times of energy pulses, and not by measuring a force 
as in the conventional acceleration-measuring techniques. 
The measurement of time can be done much more precisely, 
particularly When using high-frequency digital techniques, 
than measuring force and mass, and therefore it Will be seen 
that the novel method is inherently capable of much higher 
precision than the conventional acceleration-measuring 
techniques. 

According to further features in the described preferred 
embodiments, a pulse is also transmitted in the reverse 
direction, from the second location to the ?rst location, is 
detected at the ?rst location, and its transit time is measured 
and also utiliZed in determining acceleration of the body and 
thereby of the moving object. As Will be described beloW, 
the transmission of forWard-direction and reverse-direction 
pulses tends to cancel the pulse velocity factor and also 
spurious signals such as resulting from changes in 
temperature, pressure, etc. 

According to still further features in the described pre 
ferred embodiments, the knoWn distance betWeen the ?rst 
and second locations is effectively multiplied by transmit 
ting a plurality N of forWard-direction pulses, and the same 
plurality N of reverse-direction pulses. Each forWard 
direction pulse is transmitted from the ?rst location upon 
detection of the preceding forWard-direction pulse at the 
second location, and each reverse-direction pulse is trans 
mitted from the second location upon detection of the 
preceding reverse-direction pulse at the ?rst location. The 
total transit times of the N forWard-direction pulses, and the 
total transit times of the N reverse-direction pulses are 
measured and utiliZed, together With the knoWn distance 
betWeen the ?rst and second locations multiplied by N, for 
determining acceleration of the body and thereby of the 
moving object. 
The foregoing features, Which enable the distance 

betWeen the tWo locations to be effectively multiplied With 
out limitation, enable even extremely loW accelerations to be 
precisely measured. 

According to further features in one of the described 
preferred embodiments, the pulse transmitting body is a 
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cylindrically-shaped tube ?lled With a gaseous medium, 
preferably air, and sealed at both ends. The ?rst location is 
at one end of the tube, and the second location is at the 
opposite end of the tube. The acceleration to be measured is 
thus a linear acceleration. 

According to another preferred embodiment, the pulse 
transmitting body is a bent tube in the form of a ring, or 
spiral With connected ends, having ?rst and second spaced 
pipes tangentially projecting from the ring. The ?rst location 
is in the ?rst pipe, and the second location is in the second 
pipe. The tube is ?lled With a ?uid medium. The acceleration 
to be measured is thus an angular acceleration. 

The invention also provides apparatus for measuring 
acceleration in accordance With the above method. 

It Will be appreciated that after acceleration has been 
measured, the same method and apparatus may also be used 
for measuring velocity by integrating the measured accel 
eration over a time interval, and also for measuring move 
ment or displacement by integrating the measured velocity 
over the respective time interval. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the invention Will be 
apparent from the description beloW. The invention is herein 
described, by Way of eXample only, With reference to the 
accompanying draWings, Wherein: 

FIG. 1 is a block diagram illustrating the principal com 
ponents of an apparatus for measuring acceleration in accor 
dance With one preferred embodiment of the present inven 
tion; 

FIG. 2 is a How chart illustrating the main steps of 
operation of the apparatus of FIG. 1; and 

FIG. 3 is a schematic illustration of a body capable of 
transmitting sonic pulses according to another preferred 
embodiment of the invention; 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 1, there is illustrated an apparatus, 
generally designated 1 Which includes a body, generally at 
2, capable of transmitting sonic pulses. In the present 
eXample, body 2 is in the form of a cylindrically-shaped 
tube. The tube is sealed at both its ends 4 and 5, and its 
interior 3 is ?lled With a gaseous medium, preferably air. 
End 4 of tube 2 includes a transmitter TF for transmitting 
forWard-direction sonic pulses from end 4 to end 5 of the 
tube, and the latter end of the tube includes a sonic detector 
D F for receiving said forWard-direction pulses. End 5 of tube 
2 also includes a transmitter TR for transmitting reverse 
direction sonic pulses from end 5 toWards end 4 of the tube, 
and the latter end of the tube includes a detector DR for 
receiving the reverse-direction sonic pulses. 
As Will be described more particularly beloW, the sealed 

tube 2 is applied to and carried by a moving object, Which 
is not speci?cally shoWn and Which linear acceleration a is 
to be measured. The apparatus 1 directly measures the 
acceleration experienced by the sealed tube 2, and thereby 
also the acceleration of the moving object carrying the 
sealed tube 2. This measurement of acceleration is effected 
by transmitting forWard-direction pulses from transmitter TF 
to detector DF at the opposite ends of tube 2, and also for 
transmitting reverse-direction pulses from transmitter TR to 
detector DR, and measuring transit times of such forWard 
direction and reverse-direction pulses. The distance betWeen 
the transmitters and detectors at the opposite ends of tube 2 
is knoWn With precision such that, as Will be described more 
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4 
particularly beloW, the measured transit times, and the 
knoWn distance betWeen the transmitters and detectors at the 
opposite ends of tube 2, enable a precise determination to be 
made of the acceleration of the tube 2, and thereby of the 
moving object carrying this tube. 
As illustrated in FIG. 1, the apparatus 1 further includes 

a processor, generally designated 10, Which is connected via 
a transmitter logic circuit 11 to the forWard-direction trans 
mitter TF in end 4 of tube 2, to cause the latter transmitter 
to transmit forWard-direction sonic pulses from end 4 of the 
tube toWards the opposite end 5. Processor 10 is also 
connected via transmitter logic circuit 11 to the reverse 
direction transmitter TR at end 5 of the tube causing that 
transmitter to transmit reverse-direction sonic pulses from 
end 5 toWards end 4 of the tube 2. The forWard-direction 
pulses detected by the detector DF are ampli?ed in an 
ampli?er 12, thresholded in a comparator 13, fed to a cycles 
counter 14, and also fed to an absolute time counter 15 
through a sWitch 20. Similarly, the reverse-direction pulses 
detected by the detector DR at end 4 of the tube 2 are 
ampli?ed in an ampli?er 16, thresholded in a comparator 17, 
fed to the cycles counter 14, and also fed to another absolute 
time counter 18 through a sWitch 21. All these functional 
component are Well knoWn per se and, therefore, need not be 
described in detail. 

Thus, the transit times of a certain number of the forWard 
direction sonic pulses from the transmitter TF to the detector 
D F are measured by the absolute time counter 15 Which is 
controlled by a time base oscillator 19. Similarly, the transit 
times of the same number of the reverse-direction sonic 
pulses from the transmitter TR to the detector DR are 
measured by the absolute time counter 18 controlled by the 
same time base oscillator 19. The sWitches 20 and 21 are 
controlled by the cycles counter 14 in a manner to be 
actuated by the cycles counter 14 upon receiving by the 
latter the last pulse but one detected by the respective 
detector as described above. Each of the sWitches 20 and 21, 
When actuated by the cycles counter 14, operates the respec 
tive absolute time counter 15, 18 so as to, upon receipt of the 
last pulse, stop counting the clock pulses of the oscillator 19 
and, thereby, de?ne a transit time period T. The counts from 
counters 14, 15 and 18, as Well as the clock pulses from the 
oscillator 19, are fed to the processor 10, Which determines 
from this information the transit times of the forWard 
direction pulses from side 4 to side 5 of tube 2, and the 
reverse-direction pulses from side 5 to side 4 of tube 2. 
These transit times are used for determining the acceleration 
of the sealed tube 2 in the folloWing manner. 

When the tube 2 is moving at a constant velocity (i.e. at 
Zero acceleration), the transit time T of the sonic pulses, both 
from TF to D F and from TR to DR, Will be constant, equal to 
the length sB of tube 2 divided by the velocity of sound v 
through the tube 2, i.e. T=sB/v. 
When the tube 2 experiences acceleration, for eXample in 

the direction of its forWard-direction pulses (from side 4 to 
side 5), distance S appears to be increased by the VDC 
(virtual distance change) factor 6s. If the acceleration is 
positive, the VDC factor Will be positive +6s. If the accel 
eration is negative (deceleration), the VDC factor Will be 
negative —6s. 

Thus, the transit time T of a sonic pulse in either direction 
Will be the transit time to traverse the sonic body tB (i.e. the 
length of the tube 2) plus the time 6t, i.e. the transit time for 
traversing the “virtual distance change” 6s Which, as 
described above, corresponds to the magnitude and direction 
of the acceleration. When the transit times of the forWard 
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direction pulses and reverse-direction pulses are added, the 
time 6t is cancelled, leaving 2tB. That is, 

(1) 

When the tWo transit times are subtracted, tB disappears, 
leaving 26t, that is: 

(2) 

As described above, the VDC factor 6s is the distance 
passed by the body 2 over the transit time When the body 
experiences the acceleration a, and therefore: 

On the other hand, the sound pulse passes the same distance 
6s during the additional period of time 6t, that is: 

According to the above equations (3) and (4), the linear 
acceleration a can be estimated as folloWs: 

_ 2V6! (5) 

a _ ([B + 602 

Taking into consideration that v=SB/tB, We have: 

_ ZSBrSI (6) 

a _ [BUB + 602 

From the above, it can be seen that the acceleration a can 
be computed from the knoWn length of the tube s5 and the 
measured transit times T for the forward-direction and 
reverse-direction sonic pulse to traverse from one end to the 
opposite end of the tube. Thus, by adding the transit times 
of the forWard-direction and reverse-direction pulses, the 
tube transit time tB (namely 2tB) is determined (Eq. 1). By 
subtracting the transit times of the forWard-direction and 
reverse-direction sonic pulses, the VDC factor transit time 6t 
due to acceleration is determined (Eq. 2), this value being 
positive for acceleration and negative for deceleration. 

Since the method is based on measuring the change in the 
transit time pulses due to the VDC factor (the “virtual 
distance change” in the length of the tube due to 
acceleration), the method could theoretically be imple 
mented by measuring the change in transit time of only 
forWard-direction sonic pulses. HoWever, by measuring the 
transit times of both forWard-direction and reverse-direction 
sonic pulses as described above, the computations are 
greatly simpli?ed since they eliminate the velocity factor. 
Moreover, they tend to cancel the effects of spurious signals 
or those resulting from changes in temperature, pressure, etc. 

Also, it is preferred to provide a plurality N of forWard 
direction pulses and a corresponding plurality of N reverse 
direction pulses in order to increase the effective length of 
the tube and thereby the precision of the measurement. Thus, 
the effective length s B of the tube 2 can be multiplied by any 
desired number N, such as 10 or 100, or more, by transmit 
ting N forWard-direction pulses each being transmitted in the 
forWard direction from the ?rst location to the second 
location upon receipt of the preceding pulse at the second 
location, and by similarly transmitting N reverse-direction 
pulses, each being transmitted in the reverse direction from 
the second location upon receipt of the preceding pulse at the 
?rst location. 

The folloWing Will describe one eXample of implementing 
the novel method. In this eXample, it Will be assumed that 
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6 
tube 2 is of 20 cm in length and is ?lled With air, such that 
the sonic velocity Within the tube is 340 M/sec, that is the 
transit time of sound through the tube Would be 588.24 psec. 
Assuming that oscillator 18 has a clock frequency of 64 

MHZ, it Will be seen that each clock is of 15.62510-9 
seconds. For a 20 cm tube With travel time of 588.25 psec, 
the cycles counter 14 Will count to the value of 5882510‘ 
6+15.625'10_9=37648 for each cycle involving one forWard 
direction pulse and one reverse-direction pulse. If each 
measurement of acceleration utiliZes siXteen forWard 
direction sonic pulses and siXteen reverse-direction sonic 
pulses, cycle counter 14 Will count to 602368 cycles for each 
measurement of acceleration. 

Thus, if there is no acceleration, the forWard-direction 
pulse counter 15, and the reverse-direction pulse counter 18, 
Will both count to the same value, 602368. This value 
represents the value tB, namely the transit time of the sonic 
pulse for traversing the sonic body (i.e. tube 2) under Zero 
acceleration. When there is acceleration, hoWever, one 
counter Will count tB+6t, and the other counter Will count 
tB—6t, according to the magnitude and direction of 
acceleration, as described above. As also described above, 
since the distance sB, namely the transit distance in the tube 
2, is precisely knoWn, determination of t5 and 6t enables the 
processor 10 to compute the acceleration a per Equations 
(1), (2) and (9) above. 

FIG. 2 illustrates the overall operation of the system. 
Thus, the processor 10 transmits a signal via transmitter 
logic 11 to the forWard-direction pulse transmitter TF and 
also to the reverse-direction pulse transmitter TR at the 
opposite ends of the tube 2 (block 21). When the sonic pulse 
is received by the respective detector, DF or DR (block 22), 
the signals generated by the detectors are ampli?ed in the 
respective ampli?er 12, 16 (block 23) and thresholded With 
respect to a reference voltage in their respective comparators 
13, 17, to increment the cycles counter 14 (block 24). The 
processor 10 imposes a predetermined delay (blocks 25—27) 
after each pulse transmission before actuating the neXt pulse 
transmission in order to permit the transmitter to settle doWn 
after its previous transmission. The transit times of the 
forWard-direction pulses are measured in the counter 15, and 
the transit times for the reverse-direction pulses are mea 
sured in the counter 18. A plurality N, 16 in the present 
eXample, of the forWard-direction pulses are thus 
transmitted, in succession, each being transmitted from its 
transmitter TF from side 4 of tube 2 immediately upon 
detection of the preceding forWard-direction pulse by detec 
tor D F in the opposite side 5 of the tube. A similar plurality 
N of reverse-direction pulses are also transmitted in succes 
sion by transmitter TR from side 5 of tube 2 each being 
transmitted immediately upon detection of the preceding 
reverse-direction pulse by detector DR at side 4 of the tube. 
The transit times of all the forWard-direction pulses are 
accumulated in the counter 15, and the transit times of all the 
reverse-direction pulses are accumulated in the counter 18. 
When the predetermined number N of pulses have thus been 
transmitted and detected (block 28), the information from 
the counters 15 and 18, as Well as that from the cycles 
counter 14, are processed in the processor 10, together With 
the knoWn length sB of the tube 2, so as to calculate the 
acceleration a in the manner described above (blocks 29, 

30). 
After the processor 10 has determined acceleration, this 

value may be displayed on a screen 32 (FIG. 1), recorded as 
shoWn at 33, and/or further processed. Thus, the linear 
acceleration value calculated by the processor 10 may be 
integrated over a predetermined interval to determine 
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velocity, as shown at 34, and may be further integrated to 
determine displacement or movement, as shown at 35. 

Reference is noW made to FIG. 3, illustrating another 
example of a body, generally at 102, capable of transmitting 
sonic pulses, Which can be employed in the apparatus 1 for 
measuring an angular acceleration. The body 102 is formed 
of a main tube 104 and a pair of short tubes 106 and 108 
connected to the main tube. The main tube 104 is con?gured 
like a ring. Alternatively, although not speci?cally shoWn, 
the main tube 104 may be designed like a spiral With 
connected ends. The tubes 106 and 108 form tWo projections 
from the main ring-shaped tube 104, being integrally made 
With the latter. In other Words, each of the tubes 106 and 108 
is an extension of the main tube 104. Similarly to the body 
2 of the previously described eXample, the body 102 is ?lled 
With ?uid, i.e. gas or liquid. A pair of sensors 110 and 112 
are located inside the short tubes 106 and 108, respectively. 
It Will be thus readily understood that such location of the 
sensors outside of the main tube 104 provides no interven 
tion into the circulation of the ?uid Within the main tube 104. 

Rotation of the body 102 With a constant angular speed for 
a relatively long period of time, causes rotation of the ?uid’s 
particles inside the tube With the same angular speed 
because of ?uid’s viscosity. Hence, there is no relative 
motion betWeen the ?uid and the sensors, and the transit 
times along the ring-shaped tube 104 in the tWo opposite 
directions are of equal values not depending on the values of 
speed. When the angular speed of the tube 102 changes, the 
?uid’s particles start to move With another value of speed. 
This occurs after a short period of time Which depends on the 
?uid’s viscosity and mass due to inertia. It is appreciated, 
that the less mass and more viscosity, the shorter this period 
of time, i.e. response time. Thus, there appears a relative 
motion betWeen the ?uid and the sensors 110 and 112. 
Accordingly, the transit times in both directions become 
different, not equals and depend on a difference betWeen the 
values of the angular speed of the ?uid and the tube 104. 
Similarly, the faster the angular speed change (i.e. angular 
acceleration), the more the difference. Thus, the transit time 
betWeen the sensors 106 and 108 depends on the angular 
acceleration of the ring-shaped tube 104. In order to calcu 
late this angular acceleration A, a balance of forces should 
be considered. Thus, each layer of the ?uid inside the tube 
is affected by tWo forces—friction and inertia. It is clear that 
gravity force should not be considered. Indeed, irrespec 
tively of a spatial orientation of the body 102, the gravity 
force vector in the Whole volume of ?uid formed of a 
plurality of particles Would be completely compensated. The 
friction force depends on the viscosity of the ?uid and its 
relative speed, While the force of inertia depends on mass 
and acceleration. Therefore: 

drug 
dz 

10 
Km_ ( ) 

Where Km is a coefficient depending on the inertia; Kv is a 
coef?cient depending on the viscosity; mg is the angular 
speed of the ?uid; and our is the angular speed of the tube 
102. When the angular acceleration A of the body 102 
becomes constant during a long period of time, i.e. A=du),/ 
dt=Const, the above differential equation (10) has the fol 
loWing solution: 

0Jg—0J,=A-Km/KV (11) 

This difference is measured by means of the transit times 
in the both opposite directions in the manner described 

8 
above. The ratio Km/KV characteriZes a sensitivity of the 
apparatus 1, and may be determined during a calibration 
stage in a conventional manner using respective reference 
data. 

5 Thus, considering the transit time T of a sonic pulse in 
both directions as described above, that is: 

Wherein Vd is a linear speed of the ?uid relative to the tube 
102. 

15 . . . . 

According to the above equations, the relative linear 
speed Vd is as folloWs: 

S -6 l4 
Vd: B I ( ) 

[2 20 B 

Using the knoWn mathematical dependence betWeen angular 
and linear speeds of an object: 

25 (n,—(ng=Vd/R 

Where R is a radius of the ring 104, and considering the 
above equations, the ?nal value of the angular acceleration 
A can be calculated as folloWs: 

(15) 

While the invention has been described With respect to the 
above preferred embodiments, it Will be appreciated that this 
is set forth merely for purposes of eXample. Thus, since the 
described method can be implemented Without dependency 
on the velocity of the pulse, the method theoretically could 
be practiced not only With respect to sonic pulses, and not 
only With respect to air or other gas bodies, but also With 
respect to liquid bodies. Many other variations, modi?ca 
tions and applications of the invention Will be apparent. 
We claim: 
1. A method of measuring acceleration of a moving 

object, comprising the steps of: 
(a) applying to the moving object, so as to be carried 

thereby and to move thereWith, a body capable of 
transmitting pulses of energy. 

(b) transmitting a pulse of said energy in a forWard 
direction from a ?rst location on said body to a second 
location on said body at a knoWn distance from said 
?rst location; 

(c) detecting the transmitted pulse at said second location; 
(d) measuring transit time of the pulse from said ?rst 

location to said second location; and 
(e) utiliZing said measured transit time, together With said 
knoWn distance betWeen said ?rst and second locations, 
for determining acceleration of the body and thereby of 
the moving object. 

2. The method according to claim 1, Wherein said pulse is 
a sonic pulse, and said body is one capable of transmitting 
pulses of sonic energy. 

3. The method according to claim 1, further comprising 
the steps of: 

transmitting a pulse of said energy in a reverse direction 
from the second location on said body to the ?rst 
location on said body at the knoWn distance from said 
?rst location; 
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detecting the transmitted pulse at said ?rst location; 
measuring transmit time of the pulse from said second 

location to said ?rst location; and 
utilizing said measured transit time of the reverse 

direction, together With said measured transit time of 
the forWard direction and the knoWn distance betWeen 
said ?rst and second locations, for determining accel 
eration of the body and thereby of the moving object. 

4. The method according to claim 1, Wherein the knoWn 
distance betWeen said ?rst and second locations is effec 
tively multiplied by: 

transmitting a plurality N of the pulses in said forWard 
direction successively from said ?rst location to said 
second location, each pulse being transmitted from said 
?rst location upon detection of the preceding pulse at 
said second location; 

measuring total transit times of said N pulses in the 
forWard direction, and 

utiliZing said measured total transit times, together With 
said knoWn distance betWeen said ?rst and second 
locations multiplied by N, for determining acceleration 
of the body and thereby of the moving object. 

5. The method according to claim 3, Wherein the knoWn 
distance betWeen said ?rst and second location is effectively 
multiplied by: 

transmitting a plurality N of the pulses in said forWard 
direction and a same plurality N of said pulses in said 
reverse direction, each forWard direction pulse being 
transmitted from said ?rst location upon detection of 
the preceding forWard direction pulse at said second 
location, and each reverse direction pulse being trans 
mitted from said second location upon detection of the 
preceding reverse direction pulse at said ?rst location; 

measuring total transmit times of said N forWard direction 
pulses; 

measuring total transmit times of said N reverse direction 
pulses; and 

utiliZing the measured total transit times of the forWard 
direction pulses and the reverse direction pulses, 
together With said knoWn distance betWeen said ?rst 
and second locations multiplied by N, for determining 
acceleration of the body and thereby of the moving 
object. 

6. The method according to claim 1, Wherein said transit 
time is measured by counting a number of clock pulses 
produced by a high-frequency oscillator during the respec 
tive time. 

7. The method according to claim 1, Wherein the steps set 
forth are periodically repeated during a time interval for 
periodically measuring the acceleration of the moving 
object, and the measured acceleration is integrated over said 
time interval for determining velocity of the moving object. 

8. The method according to claim 7, Wherein the deter 
mined velocity of the moving object is further integrated 
over said time interval for determining displacement of the 
moving object during said time interval. 

9. The method according to claim 1, Wherein said accel 
eration to be determined is a linear acceleration of the object. 

10. The method according to claim 9, Wherein said body 
capable of transmitting pulses is a cylindrically-shaped tube 
?lled With a gaseous medium and sealed at both ends, said 
?rst location being at one end of said tube, and said second 
location being at the opposite end of said tube. 

11. The method according to claim 3, Wherein the transit 
times of the pulses transmitted in the forWard and reverse 
direction, and said knoWn distance Which is designated as S B 
are utiliZed to determine said acceleration by: 
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10 
adding the transit time of the pulse transmitted in said 

forWard direction With the transit time of the pulse 
transmitted in said reverse direction to produce a value 
2t B Which is equal to tWice a transit time t B of the pulses 
through the body When there is no acceleration; 

subtracting the transit time of the pulse transmitted in said 
forWard direction from the transit time of the pulse 
transmitted in said reverse direction to produce a value 
2 t equal to tWice the change in a transit time t of the 
pulses due to acceleration; and 

determining acceleration a according to the folloWing 
equation: 

ZSBrSI 
a = i 

(1B (is + 61))2 

12. The method according to claim 10, Wherein said tube 
is ?lled With air. 

13. The method according to claim 1, Wherein said 
acceleration to be determined is an angular acceleration. 

14. The method according to claim 13, Wherein said body 
capable of transmitting pulses is a vessel formed of a main 
tube ?lled With a ?uid medium and having a ?rst and a 
second short tubes integrally made With said main tube and 
projecting therefrom, said ?rst location being in said ?rst 
short tube, and said second location being in said second 
short tube. 

15. The method according to claim 14, Wherein said main 
tube is in the form of a ring. 

16. The method according to claim 14, Wherein said main 
tube is in the form of a spiral With connected ends. 

17. The method according to claim 14, Wherein a transit 
time tB of the pulses through the body When there is no 
acceleration, a change in the transit time 6t of the pulses due 
to acceleration, the knoWn distance is S B, a knoWn radius R 
of the main tube and a knoWn sensitivity KW/Km of the body 
are utiliZed to determine said angular acceleration A accord 
ing to the folloWing equation: 

ME. 
Km 

18. The method according to claim 14, Wherein said ?uid 
medium is gas. 

19. The method according to claim 14, Wherein said ?uid 
medium is liquid. 

20. An apparatus for measuring acceleration of a moving 
object, comprising: 

a body capable of transmitting energy pulses to be carried 
by said object so as to move thereWith; 

a pulse transmitter at a ?rst location on the body for 
transmitting pulses of said energy in a forWard direc 
tion from said ?rst location to a second location on the 
body at a knoWn distance from said ?rst location; 

a pulse detector at said second location on the body; 
a measuring system for measuring the transit time of 

pulses from said ?rst location to said second location; 
and 

a processor controlling said transmitter, controlled by said 
detector, and utiliZing said measured transit time 
together With said knoWn distance betWeen said ?rst 
and second locations, for determining acceleration of 
the body and thereby of the moving object. 

21. The apparatus according to claim 20, Wherein said 
pulse transmitter is a sonic pulse transmitter. 
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22. The apparatus according to claim 20, further com 
prising a pulse transmitter at said second location on the 
body for transmitting reverse direction pulses therefrom to 
said ?rst location, and a pulse detector at said ?rst location 
on the body for detecting said reverse direction pulses, said 
measuring system also measuring transit time of said reverse 
direction pulses from said second location to said ?rst 
location, and said processor also controlling said transmitter 
transmitting said reverse direction pulses, being controlled 
by said detector detecting said reverse direction pulses, and 
also utiliZing said measured transit time of the reverse 
direction pulses for determining acceleration of the body and 
thereby of the moving object. 

23. The apparatus according to claim 20, 
Wherein said processor controls said transmitter of 

forWard-direction pulses to transmit a plurality N of 
said forWard-direction pulses successively from said 
?rst location to said second location, each pulse being 
transmitted from said ?rst location upon detection of 
the preceding pulse at said second location; 

Wherein said measuring system measures the total transit 
times of said N forWard-direction pulses; and 

Wherein said processor utiliZes said measured total transit 
times, together With said knoWn distance betWeen said 
?rst and second locations multiplied by N, for deter 
mining the acceleration of the body and thereby of the 
moving object. 

24. The apparatus according to claim 22, 
Wherein said processor controls said forWard-direction 

transmitter to transmit a plurality N of said forWard 
direction pulses successively from said ?rst location to 
said second location each being transmitted from said 
?rst location upon detection of the preceding forWard 
direction pulse at said second location, and also con 
trols said reverse-direction transmitter for transmitting 
the same plurality N of said reverse-direction pulses 
successively from said second location to said ?rst 
location, each being transmitted from said second loca 
tion upon detection of the preceding reverse-direction 
pulse at said ?rst location; 

Wherein said measuring system measures the total transit 
times of said N forWard-direction pulses, and the total 
transit times of said N reverse-direction pulses; and 

Wherein said processor utiliZes said total transit times of 
said forWard-direction pulses and said total transit 
times of said reverse-direction pulses, together With 
said knoWn distance betWeen said ?rst and second 
locations multiplied by N, for determining the accel 
eration of the body and thereby of the moving object. 

25. The apparatus according to claim 20, Wherein said 
measuring system includes a high frequency oscillator gen 
erating clock pulses, and a counter counting a number of 
clock pulses produced during the respective transit times 
measured. 

26. The apparatus according to claim 20, Wherein said 
processor determines the acceleration of the moving object 
periodically for a predetermined time interval, and integrates 
said determined acceleration over said time interval to 
determine velocity of the moving object at the end of said 
time interval. 

27. The apparatus according to claim 26, Wherein said 
processor integrates said determined velocity over said time 

10 

25 

35 

45 

55 

12 
interval to determine the displacement of said moving object 
during said predetermined time interval. 

28. The apparatus according to claim 20, Wherein said 
acceleration to be measured is a linear acceleration of the 
object. 

29. The apparatus according to claim 28, Wherein said 
body capable of transmitting said pulses is a cylindrically 
shaped tube ?lled With a gaseous medium and sealed at both 
ends, said ?rst location being at one end of said tube, and 
said second location being at the opposite end of said tube. 

30. The apparatus according to claim 22, Wherein said 
processor utiliZes the transit times of the forWard direction 
pulses and the reverse direction pulses, and said knoWn 
distance Which is S B, to determine said acceleration by: 

adding the transit time of the forWard direction pulses 
With the transit time of the reverse direction pulses to 
produce a value 2tB Which is equal to tWice a transit 
time tB of the pulse through the body When there is no 
acceleration; 

subtracting the transit time of the forWard direction pulses 
from the transit time of the reverse direction pulses to 
produce a value 2 t equal to tWice the change in a transit 
time t of the pulses due to acceleration; and 

determining linear acceleration a according to the folloW 
ing equation: 

ZSBrSI 
a = i 

[BUB + 602 

31. The apparatus according to claim 29, Wherein said 
tube is ?lled With air. 

32. The apparatus according to claim 20, Wherein said 
acceleration to be determined is an angular acceleration. 

33. The apparatus according to claim 32, Wherein said 
body capable of transmitting pulses is a vessel formed of a 
main tube ?lled With a ?uid medium and having a ?rst and 
a second short tubes integrally made With said main tube and 
projecting therefrom, said ?rst location being in said ?rst 
short tube, and said second location being in said second 
short tube. 

34. The apparatus according to claim 33, Wherein said 
main tube is in the form of a ring. 

35. The apparatus according to claim 33, Wherein said 
main tube is in the form of a spiral With connected ends. 

36. The apparatus according to claim 22, Wherein said 
processor utiliZes a transit time tB of the pulses through the 
body When there is no acceleration, a change in a transit time 
t of the pulses due to acceleration, said knoWn distance is S B, 
a knoWn radius R of the main tube and a knoWn sensitivity 
Km/KV to determine said angular acceleration A according to 
the folloWing equation: 

37. The apparatus according to claim 33, Wherein said 
?uid medium is gas. 

38. The apparatus according to claim 33, Wherein said 
?uid medium is liquid. 

* * * * * 


